Background: Little is known about the relation between allergic sensitisation and subsequent long term lung function changes in working populations exposed to sensitising agents. Aims: To investigate whether exposure and work related sensitisation to laboratory animals are associated with lung function decline. Methods: The relation between exposure and sensitisation to laboratory animal allergens and changes in lung function was investigated in a longitudinal study (median follow up 2.0 years) among 319 laboratory animal workers. Subjects who had been working with laboratory animals for less than 4 years (n = 102) were analysed separately, since an earlier cross sectional analysis had suggested a strong healthy worker effect in more experienced workers. Results: In multiple regression analyses both sensitisation and exposure appeared to contribute independently to lung function decline in subjects who had been working with laboratory animals for less than 4 years, adjusting for gender, age, smoking, and atopy. Lung function decline was most pronounced in sensitised subjects who continued to be in contact with the animals to which they were sensitised, with estimated average excess declines in FEV 1 , FVC, and MMEF of 83 ml/y (p , 0.05), 148 ml/y (p , 0.01), and 7 ml/s/y (p = 0.9). Conclusions: We conclude that exposure to laboratory animals is a significant risk factor for accelerated lung function decline, and that sensitised workers are especially at risk.
C linical studies in sensitised subjects suggest that continued exposure to sensitising agents can lead to chronic loss in lung function in subjects with occupational asthma, [1] [2] [3] although this has primarily been evaluated in those exposed to low molecular weight allergens such as toluene diisocyanate 4 5 and Western Red Cedar. 6 7 However, virtually no data are available on long term changes in lung function from follow up studies in normal working populations and from workers exposed to high molecular weight sensitisers. Flood and coworkers 8 reported similar declines in FEV 1 over 11 years for 198 enzyme sensitised (that is, skin prick test positive) and 1484 nonsensitised enzyme detergent workers. Sensitised workers with respiratory hypersensitivity symptoms had been removed from further exposure. Several studies in laboratory animal workers suggest that exposure and/or sensitisation to laboratory animal allergens is associated with an accelerated decline in lung function. [9] [10] [11] However, most of these studies lacked power and were therefore unable to explore effects of exposure and sensitisation separately.
The relation between common atopy, either defined as a positive skin prick test, the presence of serum IgE against common allergens, or increased levels of total IgE, and changes in lung function has been evaluated in several large population [12] [13] [14] [15] [16] [17] [18] and occupational [19] [20] [21] studies, but with conflicting results.
Weiss and colleagues 22 investigated the relation between exposure to allergens and longitudinal lung function decline in a selected group of subjects from the Normative Aging Study. Levels of cockroach allergens in house dust at follow up were significant predictors of annual decline in FEV 1 in both asthmatic and non-asthmatic subjects. Relations between allergen levels and lung function decline were strongest in subjects with a positive skin test reaction compared to those without. No such associations were found for levels of mite or cat allergens.
Altogether these results suggest that lung function may decline more rapidly in subjects who are exposed to allergens, and in particular in those with work related allergic respiratory disease. We investigated whether exposure and work related sensitisation were associated with lung function decline in a follow up study among laboratory animal workers. In earlier reports regarding data from the first survey of this study, determinants of exposure and the relation between exposure and sensitisation to rat and mice have been described. 23 
24

METHODS
Study design and subjects Data were used from a cross sectional survey conducted in 1992/93, and repeated in 1993/94 and 1994/95. Detailed description of the design and methods of data collection have been reported previously. 23 Each survey included a questionnaire, skin prick testing, and lung function measurements. For this analysis only lung function data from the first and last survey were used, as change in lung function over a shorter period may be strongly influenced by short term variability, leading to loss of power. 25 A complete dataset at the first survey was available for 507 subjects, of which 375 (74%) also participated in the last survey. Lung function measurements were available for 319 (85%).
Earlier analyses suggested the presence of a healthy worker effect, 23 therefore data from workers who had been working with laboratory animals for more (n = 217; ''experienced'' workers) or less than 4 years (n = 102; ''novice'' workers) were analysed separately. This cut off point was chosen because most less experienced laboratory animal workers were PhD students and usually had a contract period of 4 years.
Questionnaire
The self administered questionnaire contained questions on smoking history, allergic symptoms due to common and occupational allergens, airway hyperreactivity, contact with laboratory animals, and occupational history. 26 For most analyses in this paper only questionnaire data obtained at the first survey were used. Recent exposure to laboratory animals was defined as self reported contact with laboratory animals, faeces, or urine within the past 12 months. Allergic respiratory symptoms to laboratory animals were defined as the presence of self reported chest tightness, sneezing, or a runny nose during or after contact with laboratory animals.
Skin prick testing
Skin prick testing was performed as described previously 26 with five common allergens (mixture of Dermatophagoides pteronyssinus and D farinae; mixture of grass pollen; mixture of tree pollen; cat fur; dog fur; all from ALK Benelux, Houten, Netherlands), six occupational allergens (rat urine; rat fur; mouse urine; mouse fur; rabbit fur; guinea pig fur; all from ALK Benelux) and positive (histamine) and negative (PBS) controls. Common atopy was defined as a positive skin prick test (wheal size >3 mm) against at least one common allergen. Laboratory animal sensitisation was defined as a positive skin prick test against at least one occupational allergen.
Spirometry FVC, FEV 1 , and MMEF were recorded with a Vicatest V dry rolling seal spirometer (Jaeger, Breda, Netherlands). Measurements were performed according to the lung function protocol of the European Community for Steel and Coal. 27 Lung function change was defined as the difference between lung function at the last and first survey divided by the time interval between surveys.
Statistical analysis
All statistical analyses were performed using SAS software (version 6.12; SAS Institute, Cary, NC). All continuous variables except the number of pack-years followed a normal distribution. Crude differences in prevalence rates or means between groups were compared using Fisher's exact test and Student's t test. Differences in number of pack years were tested with a non-parametric rank sum test (Wilcoxon). Odds ratios were calculated by logistic regression (PROC GENMOD). The association between lung function change and laboratory animal sensitisation, exposure, and allergic symptoms was analysed by classical multiple regression analysis (PROC GENMOD). Independent variables which were associated (p , 0.2) both with lung function decline and with exposure, sensitisation, or the presence of symptoms to laboratory animals in univariate analysis, were considered possible confounders and included in the regression models, together with known predictors of respiratory function change (gender, age, smoking).
All statistical tests were performed two sided and a p value ,0.05 was considered significant.
RESULTS
Subject characteristics
Median time interval between the first and last survey was 2.0 years (range 1.2-2.5). Table 1 presents personal characteristics of all subjects included in the study, as well as those who were lost to follow up. There was no significant difference in the prevalence of sensitisation or in gender, age, and height corrected lung function at the first survey, but subjects lost to follow up more often reported chronic and work related respiratory symptoms. More female than male subjects had been working with laboratory animals for less than 4 years, and subjects in this group were on average younger, smoked less, and were less frequently exposed to laboratory animals than those who had worked with laboratory animals for a longer period.
Laboratory animal sensitisation, recent exposure, and allergic symptoms A positive skin prick test reaction to at least one of the four laboratory animal species was found in 88/319 follow up subjects (28%). As in earlier analyses 23 24 sensitisation to laboratory animals was strongly associated with common atopy (unadjusted OR 14, 95% CI 7 to 28), asthma symptoms (unadjusted OR 3, 95% CI 2 to 6), a history of nonoccupational allergy (unadjusted OR 3, 95% CI 2 to 5), and symptoms of respiratory allergy to laboratory animals (unadjusted OR 5, 95% CI 2 to 10). Compared to male laboratory workers, female workers were sensitised less often (23% v 30%), although this was not statistically significant. Self reported exposure was positively associated with sensitisation in subjects working with laboratory animals for less than four years for rat allergens only (unadjusted OR 1.4, 95% CI 0.4 to 5.7). No relation between sensitisation and smoking or other subject characteristics at the first survey was found.
Lung function FEV 1 and FVC at the first survey were somewhat higher than gender, age, and height corrected reference values, 27 while MMEF was somewhat lower. No relation between lung function and laboratory animal sensitisation or recent exposure to laboratory animals was found, but subjects who reported allergic respiratory symptoms during or shortly after working with laboratory animals tended to have a lower FEV 1 when compared to those without symptoms (mean (SD) 104% (19%) v 108% (12%); p = 0.07).
Average annual declines in FEV 1 , FVC, and MMEF (SD) in the entire cohort (n = 319) were 241 (99) ml/y, 215 (117) ml/y, and 2115 (224) ml/s/y respectively. In univariate Main messages N Exposure to laboratory animals in sensitised laboratory animal workers was a risk factor for longitudinal lung function decline in this cohort study.
N Estimated excess decline in FEV 1 and FVC for sensitised workers who continued to work with the animals to which they were sensitised was 83 ml/y and 148 ml/y, respectively.
N No association was found between presence of symptoms of respiratory allergy and lung function change.
Policy implications
N Since sensitisation is a risk factor for subsequent lung function decline, sensitised workers should be monitored more closely to limit the health impact and improve prognosis. Removal from exposure should also be considered for sensitised asymptomatic workers.
regression analysis lung function decline was significantly associated with gender, age, standing height, body weight, number of pack-years smoked, atopy, history of contact with laboratory animals, sensitisation against laboratory animal allergens, and symptoms of respiratory allergy to laboratory animals at the first survey (tables 2 and 3). Associations between work related sensitisation or exposure at the first survey and lung function decline were strongest in subjects who had been working with laboratory animals for less than four years. Both sensitisation and exposure to laboratory animals appeared to contribute independently to lung function decline in multiple regression models, adjusting for possible confounders gender, age, smoking, and common atopy (data not shown). As neither body weight nor standing height was associated with exposure, sensitisation, or symptoms to laboratory animals, they were not included in these models. To account for a potential modifying effect of sensitisation on the association between exposure and lung function change, a variable indicating whether subjects were sensitised to the animal species they reported working with was added to the model (tables 4 and 5). Lung function had declined most strongly in subjects who were exposed to the animals they were sensitised to. By adding coefficients for sensitisation and for sensitisation in combination with exposure, it can be calculated from these tables that estimated excess lung function decline in sensitised ''novice'' *p,0.05 for comparisons between subjects lost to follow up and subjects available for follow up or subjects in follow up population working with laboratory animals for .4 years and those working for ,4 years, respectively. **p,0.01 for comparisons between subjects lost to follow up and subjects available for follow up or subjects in follow up population working with laboratory animals for .4 years and those working for ,4 years, respectively. ÀFifty six subjects who were available for follow up did not participate in lung function testing. n (%)/mean (SD). 1Percentage of predicted value (sex, age, and height corrected). Table 2 Univariate regression analysis of annual lung function change over two years in laboratory animal workers on subject characteristics in subjects working with laboratory animals for less than four years (n = 102) laboratory animal workers who were exposed to the animal species to which they were sensitised was 280 ml/y (DFEV 1 ), 2148 ml/y (DFVC), and 26 ml/s/y (DMMEF), compared to exposed but non-sensitised subjects. A similar analysis involving symptoms of laboratory animal allergy was not possible since only one ''novice'' worker reported symptoms to animals he was not exposed to. As these associations were based on exposure data collected at the start of the follow up period, it was considered whether changes in exposure status during the follow up might have affected these relations. Unfortunately, subgroups that were exposed intermittently were too small to allow meaningful analysis. However, estimated excess lung function decline in 11 ''novice'' sensitised workers who continually reported exposure to the laboratory animals they were sensitised to (b (SD)) was 282.6 (36.0) ml/y (p , 0.05), 2147.7 (37.9) ml/y (p , 0.01), and 26.8 (73.0) ml/s/y (p = 0.9) for DFEV 1 , DFVC, and DMMEF respectively, when compared to continually exposed but non-sensitised subjects. Exclusion of never exposed subjects had only minor effects on these estimates, which were very similar to those from the analysis using only exposure data from the first survey.
DISCUSSION
The results of this study suggest that exposure to laboratory animals allergens is a significant risk factor for developing accelerated airflow obstruction, especially in sensitised workers. Estimated average excess declines in FEV 1 , FVC, and MMEF were 83 ml/y, 148 ml/y, and 7 ml/s/y in ''novice'' laboratory animal workers who were sensitised and were continually exposed to the animal species to which they were sensitised when compared to continually exposed, but nonsensitised subjects. Buist and Vollmer 28 concluded that in order to develop clinically notable airflow obstruction, the average rate of decline in FEV 1 over an adult life would need to be .90 ml/y or about three times that in non-smokers. This would mean that exposed and sensitised laboratory animal workers in our study are at increased risk for developing clinically relevant airway obstruction. Although there was a clear trend towards increased lung function decline in exposed and sensitised laboratory animal workers, reference groups in some of these analyses were quite small, and the numerical value of the estimates should therefore be interpreted with caution.
Lung function had also declined faster in sensitised ''experienced'' laboratory animal workers, but associations with exposure were much weaker and not statistically significant.
Surprisingly, a positive association was found between the presence of symptoms of respiratory allergy and lung function change in workers with more than four years experience. However, from these symptomatic workers, 15 (45%) no longer reported work related symptoms at the last Table 3 Univariate regression analysis of annual lung function change over two years in laboratory animal workers on subject characteristics in subjects working with laboratory animals for more than four years (n = 217) Table 4 Multiple regression of annual lung function change over two years on laboratory animal sensitisation, recent exposure, and the presence of respiratory symptoms in subjects working with laboratory animals for less than four years (n = 102)
Parameter n
Gender ( survey, despite the fact that most were still working with the animals for which they had reported symptoms. Decline in FVC was paralleled by a similar decline in FEV 1 in most subjects, suggesting that the reduction in FVC was the result of airways obstruction. It has been suggested that MMEF could be a sensitive index to detect mild airflow obstruction. 27 However, changes in MMEF in our study did not correlate well with either changes in FVC or FEV 1 . This could be explained by the fact that MMEF is calculated over the middle half of the FVC, and changes in MMEF are therefore hard to interpret when the vital capacity also changes.
The absence of an association between exposure to laboratory animals and lung function decline in sensitised ''experienced'' laboratory animal workers may be explained by a healthy worker effect. Subjects who were lost to follow up reported allergic symptoms to common and work related allergens more frequently and were also more often sensitised to the animals they were working with. When comparing our results with those of other groups it should therefore be considered that we observed the most marked relations in ''novice'' laboratory animal workers.
Misclassification of sensitisation, exposure, symptoms, or lung function decline may have occurred in our study, but is likely to have been non-differential and will therefore probably have resulted in underestimation of the strength of the associations.
These results confirm and extend some of the findings in the few other longitudinal studies in laboratory animal workers. In a small Swedish study by Renström and colleagues, 9 average changes in FEV 1 and FVC after a median follow up of 18 months were 2150 ml and 210 ml in nine exposed laboratory technician students with laboratory animal allergy (LAA; defined as the presence of IgE and/or symptoms) compared to 250 ml and 0 ml in 29 students without LAA (mean age of subjects at follow up 25 years). In the paper by Sjösted and colleagues, 10 decline in lung function was expressed as a percentage of baseline lung function. They reported a decline in FEV 1 of 27.5% over a period of fiveyears in 22 exposed workers with laboratory animal related symptoms and of 22.2% in 27 subjects without chemical or laboratory animal related symptoms (mean age of subjects 42 years). Declines in FVC in both groups over the same period were 22.2% and 21.0% respectively.
Fuortes and colleagues 11 reported a mean decline in FEV 1 of 2328 ml after 24 months of follow up in a group of 22 previously unexposed animal workers. This was significantly more than the 2132 ml that was recorded in the control group of 16 non-exposed ''wet'' laboratory workers. However, loss to follow up in their study was considerable (78% and 82% in animal exposed and unexposed groups respectively).
Only a modest and not statistically significant association was found between common atopy and lung function decline in this population of laboratory animal workers. Possible explanations include differences in potency, exposure level, and temporal exposure pattern between common and work related allergens. Alternatively, given the strong association between common atopy and laboratory animal sensitisation, it seems likely that those atopic workers that have not (yet) been sensitised to laboratory animal allergens are different from those that have been sensitised and may be less prone to experience allergic reactions or suffer lung function decline.
Based on their experience with subjects with occupational asthma, Malo and colleagues 29 have proposed a model in which chronic inflammation develops after sensitisation, but possibly before the occurrence of symptoms. From clinical studies investigating inflammatory changes in the lungs of patients with asthma it has become clear that similar changes (but less pronounced) can be found in the lungs of atopic individuals without clinically diagnosed asthma. [30] [31] [32] [33] It is therefore possible that lung function decline in sensitised laboratory animal workers is the result of chronic low level inflammation caused by continued exposure to allergens. As post-bronchodilator spirometry was not assessed, it is unfortunately not possible to evaluate whether this apparent loss in lung function reflects development of occupational asthma or chronic airflow limitation.
Although small sample size and short follow up hamper interpretation of these results, exposure to laboratory animals seems to be a serious risk factor for the development of clinically relevant airway obstruction over a period of just a few years, especially in sensitised workers. This may occur in the absence of overt symptoms of respiratory allergy. Because of the implications for occupational hygiene and medicine practice, these results will need to be verified in larger and longer follow up studies. Table 5 Multiple regression of annual lung function change over two years on laboratory animal sensitisation, recent exposure, and the presence of respiratory symptoms in subjects working with laboratory animals for more than four years (n = 217) 
